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© Method of manufacturing a Schottky diode device. 

® A Schottky diode device can be fabricated by 
forming a positive resist layer (24) on an insulating 
layer (23) formed on N type substrate (22), and 
patterning the resist layer (24). The pattern in the 
resist includes (i) a first isolation region-defining an- 
nular open pattern (25) defining therewithin a device- 
forming region (DR) having a predetermined size, 00 
a second isolation region-defining open pattern (26) 
dividing the device-forming region (DR) into a plural- 
ity of unit regions (UR) each having a maximum size 
defined to be 500 pm or less, and (in) a plurality of 
individual openings (27) 'having a size of 1 **m or 
less and arranged at a predetermined pitch in each 
of the unit regions (UR). The patterned resist (24) is 
used to pattern the insulating layer (23), and P type 
impurity regions (2a 29, 30) including individual 
regions are formed using the patterned insulating 
layer (23) as a mask. After removing the insulating 
layer (23), a barrier metal (31) is formed forms 
Schottky barrier diodes with the individual P type 
impurity regions (28, 29, 30) and connect them in 
parallel. 
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METHOD OF MANUFACTURING A SCHOTTKY DIODE DEVICE 



The present invention relates to a method of 
manufacturing a Schottky diode device. 

Schottky barrier diodes are semiconductor di- 
odes formed by contact between a semiconductor 
layer and a metal layer, and have a nonlinear 
rectifying property. Of Schottky barrier diodes, a 
device is known from Published Examined Japa- 
nese Patent Application No. 59-35183, which in- 
cludes a plurality of semiconductor regions formed 
in a semiconductor substrate, and a single metal 
layer contacting the semiconductor regions. Each 
semiconductor region forms a Schottky diode with 
the metal layer. Thus, the metal layer electrically 
connects the Schottky diodes in parallel. 

More specifically, the diode device disclosed in 
the Japanese Publication has an N type epitaxial 
layer formed on a N + silicon substrate. The sur- 
face area of the epitaxial layer is divided into a 
plurality of device formation regions by annular 
insulating layers. In each of the device formation 
regions, a number of P+ regions are selectively 
formed. A single metal layer is formed covering the 
surface of each device formation region, and an 
electrode metal is formed on the metal layer. A 
back electrode is formed on the back surface of 
the substrate. 

The above-mentioned diode device is fabri- 
cated by forming an insulating layer on an entire 
surface of the epitaxial layer, followed by patterning 
a positive resist coated on the insulating layer 
through a photomask. The pattern of the 
photomask is projected on the positive resist with 
its size reduced, for example, to 1/5, using a step- 
per. The resultant resist pattern includes an an- 
nular, square isolation region-defining open pattern 
having a open width of about, e.g., 50 pm. The 
annular open pattern defines therewithin a device- 
forming region having a size of about 3,180 *m x 
3.180 pm in the surface region, of the N-type 
epitaxial layer, having a size of 3,500 *m x 3,500 
pm. Within the region enclosed by the annular 
open pattern, a large number of individual fine 
openings for defining semiconductor regions hav- 
ing a dam meter of, e.g., 1 ^m are formed into a 
square matrix or staggered matrix at a pitch of e.g., 
3 to 10 ftm. Another annular open pattern is pro- 
vided outside the resist to define the annular in- 
sulating layer having a width of, e.g., 150 pm with 
the first annular open pattern. 

When the patterned resist thus formed is 
baked (post baking), the patterned resist is ther- 
mally shrunk from its peripheral portion toward its 
central portion due to the heat of the baking. As a 
result, the shape of the pattern formed in the resist 
is changed. For example, when the patterned resist 



having a size of 3,180 *m x 3,180 pm is shrunk by 
a %, a positioning error of 3.180 0»m) X (a/100) = 
31.8 x a Qtm) occurs in an opening pattern of the 
peripheral portion of the resist In fact, it was found 

5 that the positioning error of 0.3 occurred at an 
opening having a diameter of 1 ^m of the periph- 
eral portion of the resist 

More specifically, as shown in Rg. 1A, in the 
plane of the patterned resist after baking, the open- 

io ings 5 of the peripheral portion is deviated toward 
the central portion with respect to the openings 3 
before baking, though the position of each opening 
pattern 4 at the central portion of the resist is not 
shifted. As shown in Fig. 1B, the sectional shape of 

rs the openings 5 at the peripheral portion of the 
resist 1 is largely inclined toward the central por- 
tion, since the surface portion of the resist is main- 
ly shrunk. 

Referring to Fig. 1C, when anisotropy etching 

20 such as reactive ion etching (RIE) is performed to 
pattern the insulating layer 2 (e.g., silicon dioxide) 
formed on the substrate, using such a deformed 
patterned resist as a mask, the size L1 of the 
resulting openings 6 in the oxide 2 at the peripheral 

2s portion is smaller than the size L2 of the openings 
6 at the central portion, since an effective area of 
the openings in the resist 1 at the peripheral por- 
tion is smaller. 

When toe patterned insulating layer 2 in which 

30 the size L2 of the openings 6 at the central portion 
is largely different from the size L1 of the openings 
6 of the peripheral portion is used as a mask, and 
ion implantation is performed to form p+-type re- 
gions in the semiconductor substrate, the resulting 

35 p+-type regions become narrower at the periph- 
eral portion of the device region, and, in the worst 
case, the p+-type region is not formed. Thus, a 
Schottky barrier can not be formed with high di- 
mensional accuracy. Therefore, as shown in Rg. 2, 

40 when a reverse bias is applied to a p-n junction 
between each p + -type region 8 and an n-type 

" epitaxial layer 9, depletion layers 10 formed around 
the p+-type regions 8 at the peripheral portion Of 
the device region are not combined, or a reverse 

45 bias of as large as, e.g., 0.5V or more must be 
applied to combine the depletion layers 10. As a 
result, a leakage current is increased, resulting in 
failure to obtain a diode device having excellent 
- electric properties. 

5a ft is an object of the present invention to pro- 
vide a method of manufacturing a Schottky diode 
device, which can form a Schottky barrier portion 
with high dimensional accuracy, producing a de- 
vice having excellent electric properties by using a 
photoresist, without the resist being deformed due 
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to thermal shrinkage of the resist at post-baking. 
According to the present invention, there is 

provided a method of manufacturing a Schottky 

diode device comprising the steps of: 

forming an insulating layer on a surface of a 
semiconductor substrate of a first conductivity 
type; 

forming a positive resist layer on the insulating 
layer; 

forming, in the positive resist layer, a pattern 
comprising: 

(i) a first isolation region-defining open pattern 
defining therewrthin a device-forming region hav- 
ing a predetermined size in the semiconductor 
substrate, 

(ii) a second isolation region-defining open pat- 
tern dividing the device-forming region into a 
plurality of unit regions each having a maximum 
size defined to be 500 pm or less, and 

(Hi) a plurality of individual openings having a 
size of 1 /*m or less and arranged at a predeter- 
mined pitch in each of said unit regions; 
etching the insulating layer by using the pat- 
terned resist layer as a mask to selectively expose 
a surface of the semiconductor substrate; 
removing the patterned resist; 
forming semiconductor regions of a second con- 
ductivity type opposite to the first conductivity 
type in the exposed surface of the semiconduc- 
tor substrate; 

removing the remaining insulating layer within 
the device region to exposed the surface of the 
device-forming region; and 
forming a barrier metal layer on the exposed 
device-forming region to contact the semicon- 
ductor regions so as to electrically connect them 
in parallel. 

The present invention also provides a Schottky 
barrier diode device comprising: 

a semiconductor substrate of a first conductiv- 
ity type; 

an annular insulating layer formed on the sub- 
strate and defining a device region therewrthin; 
a first, annular, isolation region of a second 
cpnductry^ ^ 
rty type, formed in the device region along the 
annular insulating layer; 

a second isolation region of the second con- 
ductivity type, dividing the device region into 
plurality of unit regions each having a maximum 
width defined to be not more than 500 P m; 
a plurality of semiconductor regions of the sec- 
ond conductivity type, formed in each of the 
device region, said semiconductor regions hav- 
ing a planar size of 1 ^m or less and being 
arranged at a predetermined pitch; and 
a barrier metal layer contacting the semiconduc- 
tor regions to electrically connect them in par- 



This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
5 which: 

Rg. 1A is a plan view showing a patterned 
resist mask pattern after baking obtained by using 
the conventional technique; 

Fig. 1B is a sectional view taken along the line 
io IB-IB of Rg. 1A; 

Rg. 1C is a sectional view showing the pat- 
terned oxide layer obtained by using the resist 
shown in Rg. 1A; 

Rg. 2 is a sectional view showing a peripheral 
75 portion of the Schottky diode manufactured by the 
conventional technique; 

Rg. 3A to 3B are sectional views sequentially 
illustrating the method of the invention; 

Rg. 4 is a plan view showing a photomask 
20 used in the method of the invention; 

Rg. 5A is a plan view showing a patterned 
resist mask pattern after baking obtained according 
to the method of the invention; 

Rg. 5B is a sectional view taken along the line 
25 VB-VB of Rg. 5A; 

Rg. 5C is a sectional view showing the pat- 
terned oxide layer obtained by using the patterned 
resist shown in Rg. 5A; 

Rg. 6 is a sectional view showing a part of a 
30 Schottky diode device manufactured according to 
the invention; and 

Rg. 7 is a graph showing leakage current char- 
acteristics of a Schottky diode, device manufac- 
tured according to the invention. 
35 A method of manufacturing a Schottky barrier 
diode device according to an embodiment of the 
present invention will be described below with ref- 
erence to the accompanying drawings. 

As shown in Rg. 3A, an n -type (0.7 to 0.9 
40 Q # cm) epitaxial layer 22 having a thickness of 5 to 
6 /»m is formed on an n+-type (0.001 to 0.003 
D*cm) silicon substrate 21 having a thickness of 
250 pm. An SiCfe film 23 having a thickness of 
5,000 to 10,000 A is formed on the surface of the 
45 epitaxial layer 22. 

Then, a positive resist layer 24 is coated on the 
oxide layer 23. and is processed into a predeter- 
mined pattern using a photomask. The positive 
resist includes a novolak resin such as NPR-820 
so available from Nagase Sangyo, Japan. 

The photomask used in patterning the resist 
layer 24 is shown in Rg. 4. The photomask 40 
shown in Rg. 4 is to project its pattern on the resist 
layer 24 with its size reduced to 1/5, using a 
55 stepper. Thus, the photomask 40 has a first annular 
isolation region-defining open pattern 41 (having an 
open width of, e.g., 5 X 50 pm), which defines 
therewrthin a device-forming region having a size 
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of, e.g.. about 5 x 3,180 ^mx5x 3,180 pmina 
region having a size of, e.g., about 5 x 3,500 ?m X 
5 x 3,500 pm, and a second annular isolation 
region-defining open pattern 42 having an open 
width of, e.g., 5x1 j»m, which divides the device- 
forming region into a plurality of, e.g., 72, rectangu- 
lar unit regions each having a size of, e.g., about 5 
x 350 ftm x 5 x 350 pm in a matrix. In each of the 
unit regions, a large number of individual fine 
square openings each having a size of, e.g., 5x1 
tan x 5 x 1 pm are formed and arranged in a 
square matrix at a pitch of, e.g., 5x5 pm. Further, 
an annular open pattern 45 is provided at the 
periphery of the. mask, which defines an annular 
oxide layer having a width of, e.g., 5 x 150 pm 
between it and the open pattern 41. In practice, a 
plurality of such photomasks are used to form a 
plurality of Schottky diode devices on a wafer, but 
the fabrication of one Schottky diode device is 
explained herein for brevity. 

Returning to Rg. 3A, the resist layer 24 on the 
oxide layer 23 is exposed through the photomask 
40 mentioned above, and developed to form open 
patterns therein corresponding to the open patterns 
of the photomask 40, selectively exposing the un- 
derlying oxide layer 23. In this case, openings 27 
made in the resist 24 corresponding to the rectan- 
gular openings 44 in the photomask 40 have a 
substantially circular shape having a diameter of 1 
pm by diffraction of an exposure light at the corner 
of each opening 27 of the photomask 40. 

Thus, a large annular open pattern 25 cor- 
responding to the annular open pattern 41 of the 
photomask 40, an annular open pattern 26 cor- 
responding to the matrix open pattern 42 of the 
photomask 40, and fine individual openings 27 cor- 
responding to the fine openings 44 of the 
photomask 40 are formed in the resist layer 24. A 
peripheral annular open pattern corresponding to 
the open pattern 45 of the photomask is also 
provided. 

After the patterned resist layer 24 thus formed 
is baked, the oxide layer 23 is etched using the 
patterned resist layer 24 as a mask to form open 
patterns corresponding to .the open patterns of the 
resist layer 24 in the oxide layer 23. Thereafter, the 
resist layer 24 is removed. 

Then, a thin SiCfe film (not shown) is formed on 
the surface portion of the epitaxial layer 22 ex- 
posed by the selective removal of the oxide layer 
23, and a P type impurity such as boron (B) is ion- 
implanted into the epitaxial layer 22 using the pat- 
terned oxide layer 23 as a mask at an acceleration 
voltage of 50 kev and a dose of 1.0 x 10 15 cm- 2 . 
The implanted ions are activated and diffused to 
form p+-type regions having a junction depth of 1 
to 2 pm. Thus, as shown in Rg. 3B, a large annular 
P+ region 28 (a first element isolation region), a 



matrix P+ region 29 which divides the device 
region DR enclosed by the region 29 into a plural- 
ity of rectangular unit regions UR, and individual 
P+ regions formed in each unit region UR are 

s formed in the epitaxial layer 22. 

Then, a gettering is performed, and the oxide 
layer 23 is removed except for its peripheral an- 
nular layer. Thereafter, a barrier metal layer 31 is 
formed entirely on the exposed epitaxial layer 22, 

w including the P+ regions 28, 29 and 30, and also 
on the remaining annular oxide layer 23. As the 
barrier metal, titanium (Tt), molybdenum (Mo), haf- 
nium (HQ, vanadium (V). cobalt (Co), niobium (Nb), 
chromium (Cr), nickel (Ni), tungsten (W), platinum 

75 (Pt), palladium (Pd), or a stiictde thereof acting as a 
barrier can be used. It may be formed by sputter- 
ing and to a thickness of, e.g., 2,000 A. Each P + 
region 30 forms a Schottky barrier with the barrier 
metal layer 31. Next, on the barrier metal layer 31, 

20 an electrode metal layer 32, such as aluminum 
(At), is formed by sputtering to a thickness of 4 to 
8 pm. Although the barrier metal layer 31 and the 
metal electrode 31 are both formed, only the bar- 
rier metal layer may be formed. Further, the barrier 

25 metal layer may be formed to be divided into a 
plurality of portions, and the metal electrode may 
be formed to cover the barrier metal layer potions 
so as to connect the Schottky diodes in parallel. 
Finally, a back electrode 33 such as vanadium 

30 (V) having a thickness of 400 A, nickel (Ni) having 
a thickness of 8,000 A or gold having a thickness 
of 2,000 A is formed on the lower surface of the 
silicon substrate 21, obtaining the desired Schottky 
barrier diode device in which Schottky barrier dl : 

35 odes are electrically connected by the metal layer 
in parallel. 

According to the method of the invention as 
described above, the photomask 40 used in pat- 
terning the photoresist is divided into smaller unit 

40 regions each having a size of about 5 x 350 pm X 
5 x 350 pm. Therefore, the resist processed using 
the photomask 40 has its area correspondingly 
divided into smaller unit regions each having a size 
of about 350 pm x 350 pm. For this reason, as 
„ 45 . ^shown, in , Fig. .5A, even when- the patterned -resist 
24 is thermally shrunk from its peripheral portion 
(portion B) to its central portion (portion A) during 
the post-baking, the original individual openings 27 
in the resist 24 at the peripheral portion B is only 

so very slightly changed in shape. 

That is, when shrinkage of the unit region of 
the resist 24 is a %, then each side of the unit 
region of the resist is shrunk by a (%) X 350 (pmy 
Al 00 = a (%) x 3.5 (pm). When the shrinkage a is 

55 assumed to be 0.01, the maximum shrinkage of 
each side of the unit region of the resist is 0.035 
pm. Therefore, it is confirmed that the openings 
27\ after the baking, of the unit region at the 
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peripheral portion B is shifted by only about 0.035 
tan with respect to the openings 27 before baking. 
As a result, the positioning errors of the openings 
2T of the unit region of the resist 24 are about 
3.5% or less with respect to the diameter of the 5 
openings 27. These positioning errors are accept- 
able in a norma] process and do not pose serious 
problems. 

As shown in Rg. 5C, when anisotropy etching, 
e.g., RIE process, is performed to the oxide layer w 
23 using the patterned resist 24 after baking as a 
mask, openings 34 made in the underlying oxide 
layer 23 can have a size La at the central portion 
and a size Lb at the peripheral portion, with La and 
Lb being almost equal. is 

When ion implantation or the like is performed 
using the thus patterned oxide layer 23 as a mask 
to form the p+-type regions including individual 
region 30 in the epitaxial layer 22 the p+-type 
regions 30 can have the size hardly deviating from 20 
the target size. Therefore, Schottky barrier diodes 
can be fabricated at high positional precisions by 
forming the barrier metal layer 31. As a result 
when a reverse bias is applied to the p-n junction 
between the p+-type regions 30 and n"4ype ept- 25 
taxiaJ layer 22 (i.e., a negative voltage to the elec- 
trode 32, and a positive voltage to the back elec- 
trode), combined depletion layer 50 can be formed 
uniformly around the p + -type regions 30, as 
shown in Fig. 6. In fact, when a reverse voltage of 30 
up to about 50 v was applied to the Schottky diode 
device of the invention, even if the diode device 
had a T1 flayer <as the* barrier r . metal, . a leakage 
current could be suppressed to 1 mA or less as 
indicated a curve I in Rg. 7. In contrast, when a 35 
reverse voltage of over 10 V was applied to a 
Schottky diode device manufactured using the con- 
ventional resist which is not divided into unit re- 
gions, a leakage current was found to be 1 mA or 
more as indicated by a curve II in Rg. 7. 40 

The present invention has been described with 
reference to the specific embodiments wherein a * 
unit region UH has a maximum width of about 350 
pm. but it should not be limited thereto. The di- 
vided unit region UR can have a maximum width of ^ «5. . , 
about 500 jtm. In this case, the positioning errors 
are 0.5 ?m or less, and it is confirmed that the 
same effect as described above can be obtained. 
Further, in the embodiment described above, the 
individual openings of a diameter of 1 ^m are 50 
made in the resist layer so as to be arranged in a 
square matrix at a pitch of 5.0 pm. However, the 
individual openings can be arranged at a pitch of 3 
fim, 4 ftm, 7 pm or 10 pm, and in a staggered 
manner such as triangle matrix. In these cases, the 55 
same effect as described above can be obtained. 
Further, the individual opening made in the resist 
can have a size of less than 1 f»m. 



Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 

Claims 

1. A method of manufacturing a Schottky diode 
device comprising the steps of. 

forming an insulating layer (23) on a surface 
of a semiconductor substrate of a first con- 
ductivity type (22); 

forming a positive resist layer (24) on said 
insulating layer (23); 

forming, in said positive resist layer (24), a 
pattern comprising: 

(i) a first isolation region-defining open pat- 
tern (25) defining therewrthin a device-for- 
ming region (DR) having a predetermined 
size in said semiconductor substrate (22), 
(ii> a second isolation region-defining open 
pattern (26) dividing said device-forming re- 
gion (DR) into a plurality of unit regions 
(UR) each having a maximum size defined 
to be 500 pm or less, and 
(Hi) a plurality of individual openings (27) 
having a size of 1 /tm or less and arranged 
at a predetermined pitch in each of said unit 
regions (UR); 

etching said insulating layer (23) by using 
the patterned resist layer (24) as a mask to 
selectively expose a surface of said semicon- 
ductor substrate (22); 

removing said patterned resist (24); 
; forming semiconductor, regions. (28,.^,. 3Q) T 
of a second conductivity type opposite to 
said first conductivity type in the exposed 
surface of said semiconductor substrate 
(22); 

removing the remaining insulating layer (23) 
within said device-forming region (DR) to 
expose the surface of said device-forming 
region (DR); and 

forming a barrier metal layer (31) on the 
exposed device-forming region to contact 
said semiconductor regions (28, 29, 30) so 
. astoelec^ 

2. The method according to claim 1, character- 
ized in that said pattern is formed in said resist 
layer (24) by r^hotoetching. 

a The method according to claim 1, character- 
ized in that the etching of said insulating layer 
(23) is conducted by reactive ion etching. 

4. The method according to claim 1, character- 
ized in that said semiconductor regions (28, 
29, 30) are formed by ion-implanting an impu- 
rity of said second conductivity type in said 
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substrate. 

5l The method according to claim 1, character- 
ized in that said barrier metal layer (31) is 
formed by sputtering. 

6. The method according to claim 1, character- 
ized in that said barrier metal layer (31) is 
made of an element selected from the group 
consisting of titanium, molybdenum, hafnium, 
vanadium* cobalt, chromium, niobium, nickel, 
tungsten, palladium, platinum and a silictde 
tnereot. 

7. The method according to claim 1, character- 
ized by further comprising forming an elec- 
trode metal layer (32) on said barrier metal 
layer (31). 



11. The device according to claim 10, character- 
ized by further comprising an electrode metal 
layer (32) formed on said barrier metal layer 
(31). 

5 

12. The device according to claim 10, character- 
ized m that said barrier metal layer (31) is 
divided into plurality of subsections each con- 
tacting a plurality of said unit regions (UR), and 

10 said electrode metal layer (32) covers said 
subsections of said barrier metal layers (31). 



75 



& The method according to claim 7, character- 20 
ized in that said electrode metal layer (32) is 
made of aluminum. 



9. The method according to claim 2, character- 
ized in that said barrier metal layer (31) is 25 
divided into a plurality of subsections each 
contacting the surfaces of a plurality of said 
unit regions (UR), and said metal electrode 
layer (32) covers said subsections of said bar- 
rier metal layers (31). 30 



10. A Scftottky diode device characterized by 

comprising:- ■ *\ •"■.< m^- <..■> . - ., — . jT -#. *~ • 

a semiconductor substrate (22) of a first 
conductivity type; 35 
an annular insulating layer (23) formed on 
the substrate (22) and defining a device 
region PR) therewrthin; 
a first, annular, isolation region (28) of a 
second conductivity type opposite to the 40 
first conductivity type, formed in the device 
region (DR) along the annular insulating lay- 
er (23); 

a second isolation region (29) of the second 
. . .cpnptatfvity ,typ^ 

PR) into plurality of unit regions PR) each 
having a maximum width defined to be not 
more than 500 pm; 

a plurality of semiconductor regions (30) of 
the second conductivity type, formed in 50 
each of the device region PR), said semi- 
conductor regions (30) having a planar size 
of 1 P m or less and being arranged at a 
predetermined pitch; and 

a barrier metal layer (31) contacting the 55 
semiconductor regions (28, 29, 30) to elec- 
trically connect them in parallel. 
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